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DETECTION OF FREQUENT AND
DISPERSED INVARIANTS

CLAIM OF PRIORITY

This application 1s a divisional of and claims the benefit of

priority under 35 U.S.C. §120 to U.S. patent application Ser.
No. 11/427,696, filed on Jun. 29, 2006, now U.S. Pat. No.

7,873,833, 1ssued on Jan. 18, 2011, which 1s hereby incorpo-
rated by reference herein 1n 1ts entirety.

BACKGROUND

The amount of data available to information seekers has
grown astronomically, whether as the result of the prolifera-
tion of information sources on the Internet, or as a result of
private efforts to organize business information within a com-
pany, or any of a variety of other causes. The need to be able
to securely access imformation and/or data has increased as
well. The proliferation of data and expanding number of users
has created more avenues for computer-related attacks (e.g.,
viruses, worms, Trojan horses . . . ).

Network viruses and worms are an ever growing threat to
security of today’s Internet-connected hosts and networks. A
worm can be described as a destructive program that auto-
matically replicates 1tself throughout disk and memory using
up the computer’s resources and possibly shutting down the
system. Generally, a virus refers to malicious soitware that
can 1nfect a computer. Alter virus code 1s written, it 1s often
buried within or otherwise attached to an existing program.
Once a host program 1s executed, the virus 1s activated and
attaches copies of itself to other programs in the system.
Infected programs automatically copy the virus to other pro-
grams.

Because one characteristic of the Internet 1s unrestricted
access, 1t 1s relatively easy for worms to propagate across
networks thereby causing mass destruction. Most often, by
the time a worm 1s detected, damage has already occurred.
Similarly, today’s efforts to mitigate damage from and detec-
tion of worms have been most often directed to known worms
and viruses. A need exists to effectively and accurately detect
unknown viruses and worms that plague today’s computer
networks and systems.

SUMMARY

The following presents a simplified summary of the appli-
cation 1n order to provide a basic understanding of some
aspects of the application. This summary 1s not an extensive
overview ol the technology. It 1s not intended to i1dentily
key/critical elements of the technology or to delineate the
scope of the technology. Its sole purpose 1s to present some
concepts of the application in a simplified form as a prelude to
the more detailed description that 1s presented later.

The technology disclosed and claimed herein, 1n one aspect
thereot, comprises a scalable method and apparatus to detect
frequent and dispersed ivariants. More particularly, the
application discloses a system that can concurrently track
frequency rates and dispersion criteria ol invariants. In one
aspect, the scalable system can operate at line rates 1n excess
of 5 Gbps. It 1s to be understood that the functionality of the
technology can operate at a high line rate (e.g., in excess of 5
Gbps) while using an order of magnitude less memory than
conventional systems. Many conventional antivirus systems
rely upon known signatures of viruses, worms, and the like in
order to facilitate detection thereof. The subject matter of the
application facilitates detecting unknown and potentially
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2

harmiul code detecting frequent and dispersed invariants that
are typically associated with undesired code.

In other words, 1n one aspect, the application 1s directed to
an mvariant detection system implemented in hardware that
allows detection of mnvariants (e.g., byte sequences) that are
highly prevalent (e.g., repeating with a high frequency), and
dispersed (e.g., originating from many sources and destined
to many destinations). The system also includes various tech-
niques for sampling tratfic streams and dynamic thresholding
to counter various denial of service attacks that can be
mounted against it. In a particular embodiment, the technol-
ogy can be implemented within a router or other network
device. In operation, the router or device can be configured to
mirror all in-bound and out-bound traflic to the subject sys-
tem which can detect, monitor, report, block and/or remove
(e.g., quarantine) packets that contain invariants. Moreover,
the detection of frequent and dispersed invariants can be
implemented by a third-party service or a stand-alone product
in accordance with aspects of the application. Similarly, it 1s
to be understood that the subject matter of the application can
be employed 1n portable devices such as cell phones, smart-
phones, pocket computers, personal data assistants (PDAs) or
the like.

To the accomplishment of the foregoing and related ends,
certain 1illustrative aspects of the technology are described
herein 1n connection with the following description and the
annexed drawings. These aspects are indicative, however, of
but a few of the various ways in which the principles of the
technology can be employed and the subject application 1s
intended to include all such aspects and their equivalents.
Other advantages and features of the application will become
apparent from the following detailed description of the appli-
cation when considered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a system that facilitates detection of re-
quent and dispersed invariants 1n accordance with an aspect of
the subject matter of the application.

FIG. 2 1llustrates an alternative block diagram of an invari-
ant detection system in accordance with an aspect of the
subject matter of the application.

FIG. 3 illustrates an example of a signature calculation for
a string length equal to 4 1n accordance with an aspect of the
subject matter of the application.

FI1G. 4 1llustrates a signature generation technique 1n accor-
dance with an aspect of the subject matter of the application.

FIG. 5 1llustrates a white list filter 1n accordance with an
aspect of the subject matter of the application.

FIG. 6 1llustrates a D'T'1 dispersion table in accordance with
an aspect of the subject matter of the application.

FIG. 7 1llustrates a D12 dispersion table in accordance with
an aspect of the subject matter of the application.

FIG. 8 illustrates a biasing of the probability of adding
input traific to the DT1 dispersion table based upon traffic
type 1n accordance with an aspect of the subject matter of the
application.

FIG. 91llustrates an architectural diagram of the interaction
between the white list and the DT1 and D12 dispersion tables
in accordance with an aspect of the subject matter of the
application.

FIG. 10 1llustrates a block diagram of the functionality of a
DT1 dispersion table 1n accordance with an aspect of the
subject matter of the application.

FIG. 11 1illustrates an exemplary flow chart of procedures
that facilitate reporting an invariant in accordance with an
aspect of the subject matter of the application.
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FIG. 12 illustrates a block diagram of a computer operable
to execute the disclosed architecture.

DETAILED DESCRIPTION

The technology i1s now described with reference to the
drawings, wherein like reference numerals are used to refer to
like elements throughout. In the following description, for
purposes of explanation, numerous specific details are set
forth 1n order to provide a thorough understanding of the
subject application. It may be evident, however, that the tech-
nology can be practiced without these specific details. In
other instances, well-known structures and devices are shown
in block diagram form 1in order to facilitate describing the
technology.

As used 1n this application, the terms “component” and
“system” are 1mtended to refer to a computer-related entity,
either hardware, a combination of hardware and software,
soltware, or software in execution. For example, a component
can be, but 1s not limited to being, a process running on a
Processor, a processor, an object, an executable, a thread of
execution, a program, and/or a computer. By way of 1llustra-
tion, both an application running on a server and the server
can be a component. One or more components can reside
within a process and/or thread of execution, and a component
can be localized on one computer and/or distributed between
twO or more computers.

Referring imtially to the drawings, FIG. 1 illustrates a
system 100 that can {facilitate detection of previously
“unknown” worms and/or viruses. Generally, system 100 can
include a receiving component 102 and a signature learning
block (SLB) component 104. In operation, the receiving com-
ponent 102 can access packet data thereby communicating,
with the SLB component 104 to identily worms and/or
VIruses.

As will be understood upon a review of the figures that
tollow, the system 100 described herein can employ a “con-
tent sifting”” technique that addresses the problem of detecting,
unknown viruses and worms. This “content sifting” tech-
nique can create a unique signature and subsequently track
instances of that signature in order to i1dentily unknown
worms. Generally, the “content sifting” technique 1s based
upon the inherent behavior of a worm. First, the technique
leverages that a certain part of a worm code 1s invariant. And
secondly, the system 100 utilizes the characteristic that traffic
generated by the worm usually originates and 1s destined for
many different hosts.

As such, the system 100 can employ algorithmic tech-
niques to establish the frequency (e.g., number of occur-
rences) of each substring of a certain length in the payload of
cach packet. The algorithm also facilitates approximating a
list of all source and destination IP addresses for every such
substring. It 1s to be understood that substrings that occur very
often and are associated with many different source and des-
tination addresses are good candidates for a worm signature.

In accordance with the algorithms, approximations can be
used to decrease the memory and processor (CPU) require-
ments of the algorithms such that they can handle significant
traffic 1n real-time. However, with respect to conventional
systems, there 1s a trade-ofl between available memory and
CPU speed of detecting a worm.

The subject application describes a system and methodol-
ogy that can detect previously unknown viruses and worms
based upon the two inherent characteristics stated supra, ire-
quency of the mvariant and target destination 1dentification.
In operation, the subject application, in one aspect thereof,
can automate a signature generation process making 1t pos-
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4

sible to operate at high line rates (e.g., gigabits per second
(Gbps)). Thus, maximum security coverage can be accom-
plished.

To 1dentily threats, algorithmic techniques are employed
that can 1identily invariants (the invariant could be any con-
tiguous byte-sequence at any position 1n the packet) that are
frequent, and then determine the dispersion for each one of
the invariants. This 1s particularly useful 1f one 1s interested in
detecting all types of large scale attacks, for example, worms,
spam etc.

However, 1 one were to limit their focus to essentially
detecting network worms, then an optimization to consider
would be to measure both frequency and dispersion simulta-
neously, as 1t 1s only when both conditions hold true (the
invariant 1s prevalent and the invariant 1s dispersed) that one
may classily the invariant as belonging to a new worm out-
break. Here, the subject system 100 can simultaneously track
frequency and dispersion through the disclosure of a caching
data-structure maintained by the SLB component 104.

This caching data-structure can concurrently count the
number of times a particular invariant has been seen as well as
track the number of umique sources and destinations using
bitmap counters. It 1s to be appreciated that the basic data-
structure can be used to detect a wide variety of behaviors. For
instance, the data-structure can be employed to detect misbe-
having hosts or to learn content signatures. In a specific
example, a misbehaving host refers to one that initiates con-
nections rapidly to a large number of disparate hosts. In this
situation, the Source IP address can serve as the invariant and
the counting mechanisms 1n the dispersion table can be used
to count the number of events. As well, bitmap counters can
be employed to count the number of distinct hosts to which
the connection attempts are being mnitiated. Details of these
tracking mechanisms will be better understood upon a review
of the figures that follow.

The data-structure can facilitate utilization of an algorithm
(e.g., least recently used-like (LRU) algorithm) that cycles
through all invariants that are currently being tracked.
Depending upon frequency and dispersion rate of the ivari-
ant, the system 100 can elect to white-list (e.g., 1gnore the
invariant in the future) or turther track 1t utilizing more state
for longer periods of time.

In accordance with aspects, various sampling methods are
used at the input point into the data-structure. The techniques
used can ensure that the invariants that are sampled (e.g.,
selected) are spread across time, protocols and packets. It will
be understood that these techniques prevent potential cases
where attackers could mount demal-of-service attacks
against the system 100 by sending large streams of innocuous
traffic.

It 1s further to be appreciated that the technology can be
employed to detect and/or track invariants located most any-
where within a data packet. For mstance, the functionalities
described herein can be employed to detect invariants 1n a
packet header as well as a packet payload. Moreover, these
techniques can be implemented 1n hardware as well as com-
puter-implemented software applications.

Although aspects of the application described herein are
directed to the detection of network worms the functionality
can be employed to 1dentiy other interesting invariants. For
example, 1 addition to detection of worms, the functionality
can be employed to enable detection of spam, P2P (Peer to
Peer) protocols, eftc.

Additionally, although aspects described herein are
directed to a specific size mvariant, in accordance with the
system 100, 1t 1s not a requirement that the lengths of the
invariants be pre-programmed. For example, a user can select
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length at run time. With respect to detecting polymorphic
types of attacks, one can consider reducing length and then
aggregating smaller invariants into larger signatures 1n a sec-
ondary step. Effectively, the technology can be used to 1den-
tify invariants of most any length as well as variable length in
certain situations.

Turning now to FIG. 2, an alternative block diagram of
system 100 1s shown. More particularly, as shown 1n FIG. 2,
SLB component can include multiple sub-components.
These sub-components can be a signature generation compo-
nent 202, a value sampler component 204, a white list com-
ponent 206, a content dispersion table component 208 and an
output butier component 210. While these components (202-
210) are 1llustrated inclusive of the SLLB component, it 1s to be
understood and appreciated that a subset the components can
be located remotely without departing from the spirit and
scope of this application and claims appended hereto.

In accordance with the system 100, “Signature Learning”
uses the fact that anomalous traffic (e.g., worms) typically
displays content repetition and address dispersion (e.g., the
number of hosts sending/receiving content will grow over
time). One key function of the SLB component 102 1s to
detect the most prevalent invariant strings within the payload
of packets, track the dispersion of these invariants, and report
those that are characterized by high levels of dispersion.

As 1llustrated, this functionality can be logically distrib-
uted across the following five components: the signature gen-
cration component 202 for creating content/header signa-
tures, the value sampler component 204 for reducing
downstream workloads, the white list component 206 for
climinating processing on unwanted signatures, the content
dispersion table 208 for sifting out the most prevalent signa-
tures and tracking the spreading behavior of these signatures,
and the output butler component 210 for storing the packets
and header information while the SLB 104 1s processing
them. Each of these functional umts or components 1s
described in greater detail inira.

Referring first to the signature generation component 202,
this component can calculate a hash across a programmable-
length, sliding window of the payload of the packet and a
header block which calculates a source/destination hash
value based on the packet header fields.

In operation, in one embodiment, the signature generator
component 202 can recerve the packet payload data from the
output buifer component 210 accompamed by a valid indica-
tion, for example, Start of Packet and an End of Packet indi-
cation for the final bytes 1n a packet, and a packet length. For
cach Stringlen strings within a packet, the signature genera-
tor 202 can generate an X-bit content signature based upon a
desired hash function. In one aspect, an n-bit content signa-
ture can be generated based upon a selected hash function.

The signature generation component 202 can include a
header extraction block (not shown) that recerves masked
header fields for each packet from the output buffer compo-
nent 210 and generates a Source IP Hash and a Destination IP
Hash. The Source and Destination IP Hash values are formed
by scrambling the bits and then taking the hash value across
all bits of the two scrambled, masked header values. This
signature generation 1s 1llustrated 1n FIG. 4.

A source port and destination port can be extracted directly
from the packet header by the output buifer 210 based upon
programmable offset values into the header. The packet
header 1s sent to the value sampling component 204 where
they are correlated to the content signatures for each packet.

Turning now to a discussion of the value sampler compo-
nent 204, the value sampler 204 can employ a FIFO (first-in
first-out) structure for storing the content signature and the
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header information associated with those signatures. As well,
the value sampler 204 can employ sampling logic to deter-
mine which signature should be written 1nto the FIFO struc-
ture.

For each packet, the value sampler 204 recerves the source/
destination signature, the source/destination port data, and
the protocol stack ID. The signatures and header information
are written 1nto the FIFO structure based on value sampling
on the signature values and the position of the signatures
within the packet. Signatures are received from the signature
generation block 202. A fixed number of randomly selected
bits of each signature which 1s received 1s ANDed with a
programmable value sampling and compared to a program-
mable value lithe values match, the signature 1s considered to
pass value sampling.

The whaite list 206 acts as a filter to remove from the tratffic
stream those “known” signatures which should not be pro-
cessed by the content dispersion table 208. In one aspect, the
white list 206 can be a filter 1n which entries are added and
deleted via an external system. It 1s to be understood that the
external system can include hardware, software or firmware.
The white list 206 reads signatures from the value sampler
FIFO structure. Each time a signature 1s received from the
value sampler FIFO structure, serial reads are done to the
white list memory. The reads can be accomplished based
upon addresses within the signature as shown in FIG. 5. In
operation, the filter can determine whether or not to pass the
signature to the content dispersion table 208.

In accordance with the application, the content dispersion
table 208 employs two levels of hierarchy, the L1 dispersion
table (DT1) and the L2 dispersion table (ID12). These disper-
s1on tables are shown 1n FIGS. 6 and 7 respectively. The D11
of FIG. 6 filters out the most prevalent signatures with a
minimal level of dispersion before they are added to the D12
of F1G. 7, which tracks the spreading behavior of signatures at
a fine grained level.

Only 11 a signature displays a minimum level of dispersion
1s 1t allowed into the larger DT2. The DT2 then tracks the
signature over a longer period of time with more fine-grained
tracking of the source and destination dispersion counts and 1s
responsible for reporting the signatures to the director. The

data structures which are used by the D11 and D12 are shown
in FIG. 6 and FIG. 7.

As 1llustrated 1n FIG. 7, the D12 1s organized with a {irst-
stage hash based storage and a second-stage CAM (content
addressable memory) based storage which 1s used for over-
flow, for example, 11 there are collisions in the hash when
trying to add a signature.

When a signature 1s received from the white list 206, 1t 1s
simultaneously looked up 1n the DT1 CAM, the D12 SRAM-
based hash, and the DT2 CAM. It1s to be understood that only
one entry 1n any of these structures can match the signature.
Accordingly, an error 1s reported 1f multiple entries match.

The two CAMs (DT1 and DT12) directly return a match
result if the signature 1s stored 1n the CAMs. The hash check
1s accomplished 1n two stages. The first stage reads the entry
at the location specified by a fixed subset of bits within the
signature. I the entry 1s valid and the signature stored in the
entry 1s equal to the remainder of the content, signature, a
match 1s returned. The second stage reads the entry at the

location specified by an independent subset of bits within the
content signature. If the entry 1s valid and the signature stored
in the entry 1s equal, to the remainder of the content signature,
a match 1s returned.
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If a match 1s found 1n the DT1 CAM, the following actions

are employed:

The Hit Count, Source Array, Destination Array for the
entry are read i from the SRAM;

The Hit Count 1s incremented by 1;

The bits 1n the Source and Destination Array are set based
on predefined bits, 1 the source and destination IP
hashes: and

The Hit Count and the number of bits set 1n the Source and
Destination Array are compared to programmable
thresholds, and 11 all the threshold criteria are met, a
signal 1s sent to the DT2 to create anew entry for the

signature and the signature 1s removed from the DT1
CAM.

If a match occurs 1n etther of the D12 structures, the fol-
lowing actions are employed:
The remaiming content dispersion table fields are read in

for the entry from the SRAM,;

The Hit Count 1s incremented by 1;

The update time 1s set to the current timestamp;

The update bit 1s set to 1;

The source/destination arrays are updated based on the

source and destination hashes; and

If the number of bits 1n the source/destination arrays are

greater than or equal to a programmable threshold the
source/destination scaling factors are incremented and
the bit arrays are cleared.

Turning now to FIG. 8, if a match 1s not found 1n the DT1
or D12, the DT1 can determine whether or not to create a new
entry for the signature. In an aspect, the signature has to pass
several tests before 1t 1s added to the DT1. One goal of these
tests 1s to ensure that the signatures are selected across a wide
range of IP addresses, services and distributed over time. An
example test would be to value sample based upon the Source
and Destination IP address. To execute this test, the aspect
passes the Source and Destination IP address through a hash
function and chooses to select the signature based on the
value of certain bits 1n the hash result. The bits selected and
the value compared against can be programmed at a fine
granularity, for example 1t 1s possible to have different bits to
compare and the value to compare against for every port and
SO On.

Continuing with the example, the second DT1 sampling
test 1s based on linear feedback shift register (LFSR). The
LFSR value 1s ANDed with a programmable mask and com-
pared to a programmable value. If these values match, the
DT1 attempts to add the signature at the location pointed to by
the head pointer. If the old entry 1s not valid or the current time
minus the 1mt timestamp for the entry i1s greater than the
mimmal DT1 lifespan a new entry will be created. A new
entry 1s initialized by writing the new signature into the CAM
at the position pointed to by the head pointer, and writing the
corresponding hit count, source array, destination array, and
hilt time 1n the SRAM.

When a new signature 1s written into the DT1 CAM, over-
writing a valid old entry, the fields of the old entry will be
compared to the white list threshold registers and 1t the
thresholds are met, a report for the signature 1s sent to the
director to potentially white list the entry (this would occur
for entries with high hit counts and low dispersion counts). If
on the other hand, the old entry does not meet the minimum
lifespan criteria, the head pointer will be incremented and the
new signature will not be added. FIG. 9 1llustrates an archi-
tectural diagram of the interaction of the white list 206 and the
DT1 and DT2 tables in accordance with an aspect of the
subject matter of the application. FI1G. 10 further 1llustrates a
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block flow diagram of the functionality of the DT1 table in
accordance with an aspect of the application.
While, for purposes of simplicity of explanation, the one or
more methodologies shown herein, e.g., 1n the form of a flow
diagram, are shown and described as a series of acts, 1t 1s to be
understood and appreciated that the subject application 1s not
limited by the order of acts, as some acts may, 1n accordance
with the application, occur 1n a different order and/or concur-
rently with other acts from that shown and described herein.
For example, those skilled in the art will understand and
appreciate that a methodology could alternatively be repre-
sented as a series of interrelated states or events, such as in a
state diagram. Moreover, not all illustrated acts may be
required to implement a methodology 1n accordance with the
application.
As 1llustrated 1n FI1G. 10, 11 a match 1s not found 1n the DT?2,
1t waits for a signal from the DT1 to inform whether or not to
create a new entry. If thus signal 1s recerved from the DT1, a
new entry 1s created provided that there 1s available space 1n
the hash or the CAM. If the entry in the Hash 1s not marked
valid or meets the timeout criteria (as described below), an
entry 1s created there; otherwise 1t creates the entry in the
CAM provided there 1s an available address.
In operation, a new entry 1s created 1n the following man-
ner:
Valid bit 1s set to 1;
New signature 1s written into CAM or SRAM;
If writing to SRAM Hash, The H1/H2 bit 1s set depending,
on 1f the first or second hash function 1s used (O=first,
1=second);
Hit Count 1s set to 1;
Update time and 1nitialization time are set to the current
timestamp;
Update bit 1s set to 0.1;
The source/destination arrays are updated based on the
source and destination hashes; and
The source/destination scaling factors are set to 0.
If the CAM 1s completely full or there are no entries avail-
able 1n the free-list and the hash entry 1s being used by another
signature that cannot be removed, a collision counter will be
incremented and no further action will be taken.
The entry may be removed from the D12 Dispersion Table
if any of the following criteria are met:
Entry 1s marked as reported and the length of time since the
last update has exceeded the report mactive timeout
period;
The entry’s RPT indication 1s not set and any of the fol-
lowing are true:
the time since the last update has exceed the nactive
threshold:;

the number of intervals that the entry has been 1n exist-
ence for multiplied by rate threshold 1s greater than
the hit count; or

the lifespan of the entry 1s greater than the active thresh-
old and the source count AND destination counts are
less than a minimum threshold.

The content dispersion block contains one background task
that keeps a list of free addresses that can be used for new
signature storage 1n the DT2 CAM. This task will add entries
which meet the timeout criteria and remove entries when
CAM updates occur.

Software can be responsible for periodically reading each
entry 1n the D12 and reporting the latest counter values. The
soltware can have backdoor read access to the D'12. When the
soltware 1ssues a read to each entry, this will cause the update
bit 1n the entry to be invalidated. The software then reads the
L.SBs of the entry and checks to see i1 the entry 1s marked as




US 8,185,745 B2

9

valid, has been reported and has the update bit set. It these
three conditions are met, the entire entry 1s read and a counter
update report packet 1s sent by the software.

The final responsibility for the D12 1s to inform the output
builfer 210 when the end of packet for the current packet has
arrived. I a signature 1s the last signature of the packet, the
end of packet indication will be forwarded to the output buifer
to indicate that the packet can be removed from the output
butter FIFO.

Turning now to a discussion of the output butier 210, the
first responsibility of the output buffer 210 1s to store the
packet data and header fields 1n separate FIFO structures until
the packet can be sent downstream. The output butier 210 also
has a separate internal packet bufler which will store the
entire packet while it 1s being processed by the other SLB
modules and will either drop the packet or forward 1t to the
CPU when an end of packet indication 1s received from the
DT2 block.

The second function of the output butfer 210 15 to deter-
mine whether or not each packet will be processed with
respect to the SLB block. If it 1s determined that the packet
should not be processed by the SLB block, the packet will not
be stored 1n the output buffer 210 internal packet FIFO, but
will still be forwarded. The final responsibility of the output
buffer 210 1s to receiwve report indications from the D712
dispersion table. If a packet 1s market to be reported, a report
packet header 1s generated by the output butier 210 contain-
ing the message length, signature offset, and the signature
location within the D'T2. This report packet header, followed
by the entire packets 1s send to the CPU packet buiier.

FIG. 11 illustrates a methodology of identifying and
reporting an invariant in accordance with an aspect of the
application. At 1102, a data packet, or group of data packets is
received. As 1llustrated by the decision loop at 1104, 1t 1s to be
understood and appreciated that the data packet passes 11 no
invariant 1s found to be present.

At 1106, a signature can be created for the invariant. The
signature can be generated as described in the aforemen-
tioned Related Applications, which are incorporated herein
by reference. It will be appreciated that this signature enables
tracking of the frequency and dispersion of the invariant.

As 1llustrated, the invariant occurrence frequency and dis-
persion criteria can be tracked at 1108 and 1110 respectively.
As described i greater detail supra, the subject system
employs a two-level dispersion table, D11 and DT2, that
concurrent tracks the occurrence frequency and dispersion
criteria. A decision 1s made at 1112 11 a frequency or disper-
sion threshold 1s met.

If athreshold 1s not metat 1112, the process returns to 1108
and 1110 to continue tracking the suspect invariant. On the
other hand, i1 a threshold 1s met, the system can report the
invariant at 1114. Similarly, the technology can quarantine,
block, remove and/or cleanse the system of the suspect invari-
ant.

Referring now to FIG. 12, there 1s 1llustrated a block dia-
gram ol a computer operable to execute the disclosed 1invari-
ant detection architecture. In order to provide additional con-
text for various aspects of the subject application, FIG. 12 and
the following discussion are intended to provide a briel, gen-
eral description of a suitable computing environment 1200 1n
which the various aspects of the application can be 1mple-
mented. While the technology has been described above in
the general context of computer-executable instructions that
may run on one or more computers, those skilled 1in the art wall
recognize that the subject matter also can be implemented in
combination with other program modules and/or as a combi-
nation of hardware and software.
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Generally, program modules include routines, programs,
components, data structures, etc., that perform particular
tasks or implement particular abstract data types. Moreover,
those skilled 1n the art will appreciate that the inventive meth-
ods can be practiced with other computer system configura-
tions, including single-processor or multiprocessor computer
systems, minicomputers, mainframe computers, as well as
personal computers, hand-held computing devices, micro-
processor-based or programmable consumer electronics, and
the like, each of which can be operatively coupled to one or
more associated devices.

The illustrated aspects of the application may also be prac-
ticed 1n distributed computing environments where certain
tasks are performed by remote processing devices that are
linked through a communications network. In a distributed
computing environment, program modules can be located 1n
both local and remote memory storage devices.

A computer typically includes a variety of computer-read-
able media. Computer-readable media can be any available
media that can be accessed by the computer and includes both
volatile and nonvolatile media, removable and non-remov-
able media. By way of example, and not limitation, computer-
readable media can comprise computer storage media and
communication media. Computer storage media includes
both volatile and nonvolatile, removable and non-removable
media implemented 1n any method or technology for storage
ol mformation such as computer-readable instructions, data
structures, program modules or other data. Computer storage
media includes, but 1s not limited to, RAM, ROM, FEPROM,
flash memory or other memory technology, CD-ROM, digital
versatile disk (DVD) or other optical disk storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other mag-
netic storage devices, or any other medium which can be used
to store the desired mnformation and which can be accessed by
the computer.

Communication media typically embodies computer-read-
able instructions, data structures, program modules or other
data in a modulated data signal such as a carrier wave or other
transport mechanism, and includes any information delivery
media. The term “modulated data signal” means a signal that
has one or more of its characteristics set or changed in such a
manner as to encode information in the signal. By way of
example, and not limitation, communication media includes
wired media such as a wired network or direct-wired connec-
tion, and wireless media such as acoustic, RF, infrared and
other wireless media. Combinations of the any of the above
should also be included within the scope of computer-read-
able media.

With reference again to FIG. 12, the exemplary environ-
ment 1200 for implementing various aspects of the applica-
tion includes a computer 1202, the computer 1202 including
a processing unit 1204, a system memory 1206 and a system
bus 1208. The system bus 1208 couples system components
including, but not limited to, the system memory 1206 to the
processing unit 1204. The processing unit 1204 can be any of
various commercially available processors. Dual micropro-
cessors and other multi-processor architectures may also be
employed as the processing unit 1204.

The system bus 1208 can be any of several types of bus
structure that may further interconnect to a memory bus (with
or without a memory controller), a peripheral bus, and a local
bus using any of a varniety of commercially available bus
architectures. The system memory 1206 includes read-only
memory (ROM) 1210 and random access memory (RAM)
1212. A basic input/output system (BIOS) 1s stored 1n a non-
volatile memory 1210 such as ROM, EPROM EEPROM,

which BIOS contains the basic routines that help to transter
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information between elements within the computer 1202,
such as during start-up. The RAM 1212 can also include a
high-speed RAM such as static RAM for caching data.

The computer 1202 further includes an internal hard disk
drive (HDD) 1214 (e.g., EIDE, SATA), which internal hard
disk drive 1214 may also be configured for external use 1n a
suitable chassis (not shown), a magnetic tloppy disk drive
(FDD) 1216, (c.g., to read from or write to a removable
diskette 1218) and an optical disk drive 1220, (e.g., reading a
CD-ROM disk 1222 or, to read from or write to other high
capacity optical media such as the DVD). The hard disk drive
1214, magnetic disk drive 1216 and optical disk drive 1220
can be connected to the system bus 1208 by a hard disk drive
interface 1224, a magnetic disk drive interface 1226 and an
optical drive intertace 1228, respectively. The interface 1224
for external drive implementations includes at least one or
both of Universal Serial Bus (USB) and IEEE 1394 interface
technologies. Other external drive connection technologies
are within contemplation of the subject application.

The drives and their associated computer-readable media
provide nonvolatile storage of data, data structures, com-
puter-executable instructions, and so forth. For the computer
1202, the drives and media accommodate the storage of any
data in a suitable digital format. Although the description of
computer-readable media above refers to a HDD, a remov-
able magnetic diskette, and aremovable optical media such as
a CD or DVD, 1t should be appreciated by those skilled 1n the
art that other types of media which are readable by a com-
puter, such as zip drives, magnetic cassettes, tlash memory
cards, cartridges, and the like, may also be used in the exem-
plary operating environment, and further, that any such media
may contain computer-executable nstructions for perform-
ing the methods of the application.

A number of program modules can be stored in the drives
and RAM 1212, including an operating system 1230, one or
more application programs 1232, other program modules
1234 and program data 1236. All or portions of the operating
system, applications, modules, and/or data can also be cached
in the SRAM 1212. It 1s to be appreciated that the application
can be mmplemented with various commercially available
operating systems or combinations of operating systems.

A user can enter commands and information into the com-
puter 1202 through one or more wired/wireless input devices,
¢.g., a keyboard 1238 and a pointing device, such as a mouse
1240. Other input devices (not shown) may include a micro-
phone, an IR remote control, a joystick, a game pad, a stylus
pen, touch screen, or the like. These and other input devices
are often connected to the processing unit 1204 through an
input device interface 1242 that is coupled to the system bus
1208, but can be connected by other interfaces, such as a
parallel port, an IEEE 1394 serial port, a game port, a USB
port, an IR interface, etc.

A monitor 1244 or other type of display device 1s also
connected to the system bus 1208 via an interface, such as a
video adapter 1246. In addition to the monitor 1244, a com-
puter typically includes other peripheral output devices (not
shown), such as speakers, printers, etc.

The computer 1202 may operate in a networked environ-
ment using logical connections via wired and/or wireless
communications to one or more remote computers, such as a
remote computer(s) 1248. The remote computer(s) 1248 can
be a workstation, a server computer, a router, a personal
computer, portable computer, microprocessor-based enter-
tainment appliance, a peer device or other common network
node, and typically includes many or all of the elements
described relative to the computer 1202, although, for pur-
poses of brevity, only a memory/storage device 1250 1s 1llus-
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trated. The logical connections depicted include wired/wire-
less connectivity to a local area network (LAN) 1252 and/or
larger networks, e.g., a wide area network (WAN) 1254. Such
LAN and WAN networking environments are commonplace
in offices and companies, and facilitate enterprise-wide com-
puter networks, such as intranets, all of which may connect to
a global communications network, e.g., the Internet.

When used 1n a LAN networking environment, the com-
puter 1202 1s connected to the local network 1252 through a
wired and/or wireless communication network interface or
adapter 1256. The adapter 1256 may facilitate wired or wire-
less communication to the LAN 1252, which may also
include a wireless access point disposed thereon for commu-
nicating with the wireless adapter 1256.

When used 1n a WAN networking environment, the com-
puter 1202 can include a modem 1258, or 1s connected to a
communications server on the WAN 1254, or has other means
for establishing communications over the WAN 1254, such as
by way of the Internet. The modem 1238, which can be
internal or external and a wired or wireless device, 1s con-
nected to the system bus 1208 via the senial port interface
1242. In a networked environment, program modules
depicted relative to the computer 1202, or portions thereof,
can be stored in the remote memory/storage device 1250. It
will be appreciated that the network connections shown are
exemplary and other means of establishing a communications
link between the computers can be used.

The computer 1202 1s operable to communicate with any
wireless devices or entities operatively disposed 1n wireless
communication, €.g., a printer, scanner, desktop and/or por-
table computer, portable data assistant, communications sat-
cllite, any piece of equipment or location associated with a
wirelessly detectable tag (e.g., a kiosk, news stand, restroom),
and telephone. This includes at least Wi-Fi1 and Bluetooth™
wireless technologies. Thus, the communication can be a
predefined structure as with a conventional network or simply
an ad hoc communication between at least two devices.

Wi-F1, or Wireless Fidelity, allows connection to the Inter-
net from a couch at home, a bed 1n a hotel room, or a confer-
ence room at work, without wires. Wi-F1 1s a wireless tech-
nology similar to that used 1n a cell phone that enables such
devices, e.g., computers, to send and receive data indoors and
out; anywhere within the range of a base station. Wi-F1 net-
works use radio technologies called IEEE 802.11(a, b, g, etc.)
to provide secure, reliable, fast wireless connectivity. A Wi-Fi
network can be used to connect computers to each other, to
the Internet, and to wired networks (which use IEEE 802.3 or
Ethernet). Wi-F1 networks operate in the unlicensed 2.4 and 5
GHz radio bands, at an 11 Mbps (802.11a) or 34 Mbps
(802.11b) datarate, for example, or with products that contain
both bands (dual band), so the networks can provide real-
world performance similar to the basic 10 BaseT wired Eth-
ernet networks used 1n many offices.

What has been described above includes examples of the
application. It 1s, of course, not possible to describe every
concetvable combination of components or methodologies
for purposes of describing the subject application, but one of
ordinary skill in the art may recognize that many further
combinations and permutations of the application are pos-
sible. Accordingly, the application 1s intended to embrace all
such alterations, modifications and variations that fall within
the spirit and scope of the appended claims. Furthermore, to
the extent that the term “includes” 1s used in either the
detailed description or the claims, such term 1s intended to be
inclusive 1 a manner similar to the term “comprising” as
“comprising” 1s mterpreted when employed as a transitional
word 1n a claim.
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What 1s claimed 1s:
1. A non-transitory machine-readable storage medium

having stored thereon a data-structure that facilitates 1denti-
fication of an 1nvariant, comprising:

a first table that includes a first set of columns that represent
dispersion criteria that correspond to a plurality of
invariants; and

a second table that includes a second set of columns that
represent dispersion criteria that correspond to a subset
of the plurality of mvariants dertved as a function of a
dispersion threshold; and

a signature learning block communicatively coupled to the
machine-readable storage medium, the signature learn-
ing block configured to use the data-structure to concur-
rently track

an occurrence Irequency rate and a dispersion criterion
associated with the plurality of invariants.

2. The non-transitory machine-readable storage medium of
claim 1, the first set of columns includes a signature value, a
hit rate value, a source array value, and a destination array
value.

3. The non-transitory machine-readable storage medium of
claim 1, the second table includes a first stage hash-based
portion and a second stage overtlow portion.

4. The non-transitory machine-readable storage medium of
claim 3, the first stage hash-based portion includes a plurality
of columns that comprise a signature value, an initial time, an
update time, a hit count, a destination scaling factor, a source
scaling factor, a destination bit array, a source bit array, and a
reported flag.

5. The non-transitory machine-readable storage medium of
claim 3, the second stage overtlow portion includes a plurality
of columns that comprise a signature value, art initial time, an
update time, a hit count, a destination scaling factor, a source
scaling factor, a destination array, a source array, and a
reported flag.

6. A system that Facilitates virus detection, the system
comprising;

a non-transitory machine-readable storage medium includ-
ing a data-structure, the data-structure including a first
table and a second table, the first table including a first
set of columns that represent dispersion criteria that
correspond to a plurality of invariants, and the second
table including a second set of columns that represent
dispersion criteria, that correspond to a subset of the
plurality of mnvariants derived as a function of a disper-
sion threshold;

a signature learming block commumnicatively coupled to the
machine-readable storage medium, the signature learn-
ing block configured to use the data-structure to concur-
rently track an occurrence frequency rate and a disper-
s1on criterion associated with the plurality of invariants.

7. The system of claim 6, wherein the signature learning,
block employs:

the first table to filter the plurality of invarniants, into a
plurality of filtered 1nvariants, having a minimal level of
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dispersion based upon the occurrence frequency rate and
the dispersion criterion; and

the second table to track a spreading behavior of the plu-

rality of filtered invariants.

8. The system of claim 7, further comprising a direct bit-
map counter that establishes the occurrence frequency rate
and the dispersion criterion.

9. The system of claim 7, further comprising a scalable
bitmap counter that establishes the spreading behavior as a
function of the occurrence frequency rate and the dispersion
criterion.

10. The system of claim 6, wherein one of the columns
within the first table represents a dispersion criterion that
defines a plurality of hosts associated with the subset of
invariants.

11. The system of claim 6, wherein the signature learnming
block employs the first table to filter a prevalent signature
based upon a threshold of dispersion, and the second table to
track a spreading behavior of the prevalent signature.

12. The system of claim 11, wherein the signature learning
block employs the second table to report the prevalent signa-
ture to a director as a function of a dynamic threshold.

13. A method comprising;:

maintaining a data structure to facilitate monitoring of a

plurality of invariants, the data structure including a first
table and a second table, the first table including a first
set of columns that represent dispersion criteria that
correspond to the plurality of invariants, and the second
table including a second set of columns that represent
dispersion criteria that correspond to a subset of the
plurality of mnvariants derived as a function of a disper-
sion threshold;

tracking, using one or more processors, an occurrence ire-

quency of an invariant within the data structure;
concurrently tracking, a dispersion criteria of the invanant
within the data structure; and

reporting the invariant based upon the occurrence ire-

quency and the dispersion criteria as a function of a
dynamic threshold.

14. The method of claim 13, further comprising locating
the 1nvariant within at least one of a packet header and a
packet payload of a recerved data packet of arbitrary length.

15. The method of claim 14, further comprising selecting
the invariant as a function of time, protocol, and packet.

16. The method of claim 13, further comprising, setting a
desired length for the invariant.

17. The method of claim 13, further comprising white
listing the invanant based upon the frequency and the disper-
s10on criteria as a function of the dynamic threshold.

18. The method of claim 13, further comprising establish-
ing a signature for the invariant; the signature facilitates track-
ing of the frequency and the dispersion criteria.

19. The method of claim 18, further comprising combining
signatures of at least two 1nvariants to establish the signature.

20. The method of claim 13, the acts of tracking include
tracking at a line rate 1n excess of 5 Gbps.
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